Résumé. 2014 Nous avons mesuré la conductivité d'empilements bi et tridimensionnels de grains conducteurs soumis à une pression uniaxiale verticale. La conductance en fonction de la contrainte suit une loi de puissance dont l'exposant est différent de l'exposant microscopique prévu par la loi de Hertz. Nous proposons une explication théorique simple.
The properties of granular media depend generally on the geometrical properties of the system, on the properties of the grains themselves, but also on the properties of the contacts between grains. For the mechanical or transport properties, these contacts are very important. Our goal here is to study the effects on the electrical conductivities of the materials, of the heterogeneities induced by uniaxial pressure on packings of spheres or cylinders.
The microscopic strain-stress law at the contact between two grains may be written (Hertz law) Recently [1] , we have verified that in a compact granular packing submitted to a uniaxial force, the strain-stress law may also be written in a « power » form
In general, the macroscopic exponent m is different from the microscopic one : m 0 g ; it strongly depends on the material, the quality of the contacts between grains and the way the packing is made. Photoelastic studies for plexiglass cylinder packings show that the force is transmitted through a connected subnetwork of the network of the real contacts (the so-called strongest stresses network), which develops in the bulk as the stress increases and new contacts appear ; its geometry depends on the geometrical features of the packings (defects and ordering in monosize systems [1] , grain size distribution in mixtures [2] ...).
When the grains are conducting, the conductance g at the contact between two grains derived from Hertz [7] , and for each point, we wait until the system is in equilibrium.
The results given in section 3 for the macroscopic exponent t are averaged over three different samples. Fig. 2a ).
iii [10] where A = z/2 -1, z is the coordination number, a = a (0) is the number of mechanical contacts which exist at P = 0, go (P ) is the conductance at pressure P of these contacts and g p, (P ) the conductance at pressure P of the contacts which are created at pressure P' ; go(P ) and 9p' (P ) are given by the microscopic law equation (2). The distribution function N (P' ) of the mechanical thresholds tells how rapidly these contacts are created. It is normalized so that and The microscopic force f at the contact between two grains -which is needed to calculate gP,(P ) -is determined by assuming that the packing is arranged in layers which, on average, all behave in the same manner ; in each layer, all grains, whatever stressed or not, undergo the same vertical displacement. This is the model of Ko and Scott [11] for sands ; further applications and improvements may be found in reference [12] . Thus, the parameters are i) the percentage a of contacts which are active from the beginning. One knows that it is surely rather small, of the order of 0.3 or 0.4 in the vulnerability measurements by Ottavi etal. [13] ; it might be still smaller for badly calibrated « grains » (a = 0.15 or 0.20 for plexiglass cylinders as seen in photoelasticity).
ii) the distribution law lV (P' ). It seems that contacts are not easily established at small force, their number increases rapidly afterwards [13] . This behaviour may be simulated with a polynomial law :
where k is an integer and Pm a maximal pressure.
In [14] . Experiments with mixtures of equal cylinders made of steel and rubber will soon be performed to this end.
